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Earthquakes, fluids and Triassic Evaporites
•Earthquakes within the Evaporites represent an “anomaly” since these 
rocks are commonly recognized to act as ductile detachment horizons for 
many thrust and fold belts (e.g Jura, Zagros, Appennnines).
•Field studies on evaporite-bearing faults are lacking.
•Mechanical and physical (e.g. permeability) properties of the Evaporites 
are mostly unknown.
Questions:
•What is fault architecture and which are the deformation processes along 
evaporites-bearing faults?
•What is the rheology of these rocks?
•What is the permeability and its evolution during the seismic cycle?
Triassic Evaporites litho-stratigraphy
Interbeds of Dolomites and Ca-sulfates: gypsum (depth < 1 km) or anhydrites (depth > 1 km)
Field areas
Barchi et al., 1998; Collettini & Barchi 2004; Pauselli et al., 06
To characterize fault zone architecture 
and deformation processes we have 
studied:
• Small displacement normal faults in Ca-sulfate rocks
• Small displacement normal faults in dolomitic rocks
• Large displacement, >100m, normal faults
Field areas
Large displacement, >100m, normal faults
Fault architecture
• Dolomite-rich inner fault 
core
• Foliated Ca-sulfate rich 
outer fault core + fractured 
block of dolomite
Fault zone architecture: inner fault core
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Localization of 
the deformation 
along straight and 
continuous slip 
surfaces (Y), with
thickness ~ 10μm. 
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associated with 
thin layers of 
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cataclasite.
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Triaxial test to characterise: 
rheology and permeability
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Rheology of the anhydrites
Key Points
• Strength: controlled by grain-size 
and fabric
• B-D transition: Pe ~20-40 MPa
• Brittle failure: Pe < 20 MPa: 
localized deformation along a fault 
with fault gouge + stress drop
Permeability of the anhydrites
Static permeability σ’1 = σ’2 = σ’3
Key Points
• k controlled by grain-size and fabric
• k very-low even for high Pf
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Dynamic permeability: σ’1 > σ’2 = σ’3
Key Points
• k starts to increase earlier after the   
first loading cycle 
• k is low enough to attain fluid 
overpressure even close to rupture
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Integration of field and lab data to discuss:
#1 : Fault zone evolution model for 
evaporites-bearing faults
#2 : possible slip-model
Fault initiation within the anhydrites
• Ductile and distributed deformation
• Only for very high Pf, brittle and localized 
deformation
# 1: Fault evolution model
# 1: Fault evolution model
PSS
# 1: Fault evolution model
# 2: Slip model
# 2: Slip model
Grazie
Geologic cycle
What is the slip behaviour?
Friction laboratory experiments and microstructural 
analysis on gouge samples show that the transition 
from more distributed deformation to localized 
deformation, i.e. YSP, is associated with the switch 
from velocity strengthening to velocity weakening 
behaviour. 
However, previous scarce friction velocity tests on 
dolomite gouge delivered ambiguous results and 
more laboratory experiments are needed to asses 
their frictional behaviour (Weeks and Tullis, 1986).
BSE20 μm
Beeler et al 1996; Marone 1998
Example of major 
faults active many
days before their
activation with a 
main shock occurred
on October 12th
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Critically stressed faults by fracturing 
maintain high values of crustal 
permeability. 
Townend & Zoback Geology, 2000



